Objectives: To analyze the effect of veneering of the submucosal part of zirconia abutments and the type of retention (cemented vs screw-retained) on clinical, microbiological, and histological outcomes of single-tooth implant crowns.
| INTRODUCTION
The choice of the abutment material for implant-supported restorations can profoundly affect the esthetic outcome. 1 Ceramic abutments demonstrated more favorable esthetics in comparison with metal abutments because of their more natural appearance. 2 Zirconia has been used as an abutment material with high survival rates on the restorative and implant level. 3, 4 Due to its white property, zirconia abutments offer an advantage in terms of color of the peri-implant mucosa compared to metal abutments, 5, 6 predominantly in the presence of a thin peri-implant mucosa (<2 mm). 7 Nevertheless, the colorimetric performance is never equal to that of natural teeth, 8 specifically in thinner biotypes where a discoloration may still be clinically noticeable. 9 Modifications of the abutment characteristics could help address the current limitations. Such modifications of the abutment materials (either by staining or veneering) have been used with various degrees of success. 10, 11 The esthetic outcome was dependent on the degree of translucency and brightness of the veneering layer. 12 A reduction in the translucency was shown to offer a higher esthetic benefit. 13 The use of veneered zirconia abutments might therefore be justified from an esthetic point of view. Possible biological and microbiological consequences of placing a veneering ceramic below the mucosal margin are far less investigated. Based on a preclinical study, a greater inflammatory reaction was observed around porcelain veneered metal abutments. 14 This was suggested to be associated with the roughened surface characteristics of these abutment materials, thereby influencing bacterial aggregation and biofilm formation. 15, 16 Clinically, zirconia abutments appear to result in a more favorable peri-implant health as assessed by bleeding on probing compared to metal abutments. 17 The effect of veneering on biological and microbiological outcomes has not been investigated in detail and is limited to cemented reconstructions. 18 As such, the additional negative/positive influence of the type of retention remains unknown.
The aims of the present study were, therefore, to evaluate the effect of veneering of the submucosal part of zirconia abutments and of the type of retention (cemented vs screw-retained) on clinical, microbiological, and histological outcomes of single-tooth implant crowns.
| MATERIAL AND METHODS

| Study design and subjects
The study was approved by the local ethical committee (KEK-ZHNr.2010-0041) as a randomized controlled clinical trial. The sample size was determined by power calculation using a previous pilot study reporting on esthetic and biological outcomes. 12 After acceptance to participate in the study and signing written informed consents, 44 patients were recruited at the Clinic of Fixed and Removable Prosthodontics and Dental Material Science, University of Zurich, Switzerland between 2011 and 2013. The inclusion criteria applied were successfully osseointegrated implants replacing a single missing tooth, no moderate/severe systemic disease, good oral hygiene, absence of self-reported bruxism, smokers, and nonsmokers.
| Prosthetic treatment
The 44 patients received a total of 44 dental implants (OsseoSpeed, ASTRA TECH Implant System, DENTSPLY Implants, Mölndal, Sweden)
to replace a single missing tooth in the anterior and premolar area in the maxilla or mandible. All implants were subsequently restored following the same protocol. Implant-supported single-tooth CAD/CAM reconstructions using customized zirconia abutments (Atlantis shade 00, DENTSPLY Implants, Mölndal, Sweden) with all-ceramic crowns were employed. The patients were randomly assigned using sealed envelopes to one of four treatment groups at the time of the final impression:
1. screw-retained reconstruction with nonmodified zirconia abutment, directly veneered (SR-W);
2. screw-retained reconstruction with zirconia abutment and submucosal part veneered with pink ceramic (SR-P);
3. cemented reconstruction with nonmodified zirconia abutment and all ceramic crown (CR-W);
4. cemented reconstruction with zirconia abutment, submucosal part veneered with pink ceramic, and all ceramic crown (CR-P).
The distribution of the implants according to the group, the jaw and the location is described in Table 2 .
The thickness of the ceramic veneer (Creation ZI-F, Creation Willi
Geller International GmbH; Meiningen, Austria) was a standard 0.5 mm at the level of the abutment-crown junction (for groups CR-P and SR-P).
In the cement retained groups, all-ceramic crowns (emax, Ivoclar All patients that participated in the study were placed into a strict maintenance care program according to their individual needs.
| Follow-up examination
Clinical examinations were performed at baseline (1 week after the insertion of the crown), at 6 and 12 months after loading. Histological and microbiological analyses were performed at the 6-month followup. Two blinded examiners (one for the histology and one for the clinical and microbiological results) performed the measurements and the data analysis. 
| Clinical parameters
| Statistical analysis
Continuous variables are described with means, standard deviations (SD), medians, and quartiles and categorical variables with frequencies or percentages. The comparison of the medians of the four groups was performed using the Kruskal-Wallis test because of the small sample sizes and the nonnormality of the data distributions. The longitudinal effects were analyzed by the Brunner-Langer nonparametric mixed models. Additional confounder variables were also investigated.
3 | RESULTS 
| Patients and implants
| Clinical examination
All descriptive data are presented in Table 1 Plaque accumulation (PI) at implant sites slightly increased up to 6 months and then decreased up to 12 months, except for the group CR-P, where it increased from 10.0% AE 17.9% at baseline to 16.6% AE 29.5% at the 12-month follow-up. In all groups, the changes of PI between baseline and 12 months were not significant (P > .05).
Intergroup comparisons were not statistically significant (P > .05).
There was a trend for a greater inflammation (as assessed by bleeding on probing) around cemented restorations, both in the CR-W and CR-P group. BOP increased from 10.0% AE 16.1% at baseline to 35.0% AE 26.5% at 12 months in the CR-W group, and from 8.3% AE 8.7% at baseline to 25.0% AE 38.8% at 12 months in the CR-P group. The changes of BOP between baseline and 12 months were only significant for the group CR-W (P = .02). The time effect (comparing the 3 time-points) was only significant in the CR-W (P < .001).
However, intergroup differences tested at the 3 time-points were not significant (P > .05).
| Microbiological analysis
For the majority of the assessed complexes, a similar distribution between the groups and between implant and tooth sites was 
| Descriptive histology
Twenty-eight out of 44 patients agreed for a histological sample at A gradient with an increasing number of inflammatory cells from the coronal to the apical compartment was observed in all groups except for the SR-P samples. Angiogenesis was present in all compartments.
Differences between the groups were mainly observed in the two apical compartments (Figure 3 ) with the two cemented groups (CR-W, CR-P) revealing a higher number of inflammatory cells compared to the screw-retained groups (SR-W, SR-P). The differences between the native white zirconia abutments were less distinct comparing cemented versus screw-retained groups, whereas the differences for abutments veneered with pink ceramics was more pronounced between cemented and screw-retained groups.
| Semi-quantitative analysis
The overall number of cells increased from the region of the oral epithelium towards the marginal bone crest in all groups except in group SR-P. The differences between the four groups were minimal in the two more coronal compartments, the oral epithelium and the sulcular epithelium, demonstrating a relatively low number of cells (mean scale 1-1.5). The largest differences were observed in the two apical compartments with the two cemented groups (CR-W, CR-P) demonstrat- 
| DISCUSSION
The present study predominantly revealed (1) minimal differences for all measured parameters between the four groups; (2) a trend for a higher inflammatory reaction in the two cemented groups as assessed by BOP, the microbiological test, the descriptive and semiquantitative histology.
Implant-supported restorations use two different types of retention: cement or screw-retained. Both types of retention are recommended for implant-supported single crowns. 21 However, clinical outcomes may differ. Screw-retained reconstructions present more technical complications, but less catastrophic implant failures and less serious biologic complications. Cement-retained reconstructions exhibit significantly more serious biological problems, as reported by a systematic review. 22 This issue with a higher rate of major biological complications may be attributed to an increasing evidence of excess cement present around the implant interface following crown cementation. [23] [24] [25] Excess cement has been clinically associated with an increased inflammation (as assessed by bleeding on probing), suppuration 26 and a higher incidence of peri-implant diseases. 27 The present study demonstrated similar results in terms of clinical parameters, with a trend towards more inflammation for cemented reconstructions. The location of the crown margins in the two cemented groups was 0.5-1 mm below the peri-implant mucosal margin.
Based on an in vitro study, 28 even a shallow crown-abutment margin position is prone to excess cement. At the day of crown insertion, radiographs were taken for detection and cement remnants were thoroughly removed using curettes. Still, one might speculate that cement remnants were left undetected, thus resulting in a higher inflammatory reaction. tions, where these bacteria were present in higher counts. This finding has also been reported in a recent study, 32 where both bacterial species previously described where found in higher numbers in the sulci of cemented restorations. It was also shown that cemented restorations exhibited a higher permeability to most microbes. Nevertheless, the presence of cement remnants and specific microbiota did not necessarily translate in the development of peri-implant disease, as additional triggering risk factors might be needed.
| CONCLUSIONS
In conclusion, submucosal veneering of zirconia abutments did not negatively affect the health of the peri-implant tissues. Both screwretained and cemented groups resulted in stable clinical results at 1 year. The cemented groups, although, did show a clinical and histological trend to higher levels of inflammation.
